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TECHNICAL NOTE 3848

A STUDY OF SEVERAL FACTORS AFFECTING THE
STABILITY CONTIRIBUTED BY A HORIZONTAL

TATT. AT VARTOUS VERTICAL POSITIONS ON

A SWEPTBACK-WING ATRPLANE MODEL®

By Gerald V. Foster and Roland F. Griner
SUMMARY

A study was made in the Iangley 19-foot pressure tumnel to
determine the effects of fuselage afterbody shape, spllt flaps, and
varlations in the span of the leading-edge flaps on the stability
contributed by the horizontel tall to an alrplane with the wing
leading edge swept back 42 . Supplementary tests were made to determine
gsome of the characteristics of the alr flow in the vicinity of the
tail, the wing being equlpped with 0.575—span leading-edgs fleps
and O.5-span split fleps. All date were obtained at a Reynolds

number of 6.8 X 106.

An snelysis of the alr—low surveys in the vicinity of the
horizontal tail Indicakes that, at high angles of attack, the
variation of downwash with angle of aettack over the outer part of the
tail span 1s such that the tall contrlbution to the pitching moment
1s stabilizing for the position below the extended wing-chord plane
and destebillizing for the positions gbove the exbended wing-—chord
plene. The sir-flow surveys indicate that 20° negative dihedral
would eliminate the destabilizing influence of the tall located at
16 percent of the wing semispan above the extended wing-chord plane
by plecing the tall in a region of favoreble downwash throughout
the engle—of—-ettack range.

The addition of split flaps decreased the stability contributed by
the tall located just above the extended wing-chord plane at moderate
angles of attack but increased the stability contributed by the tall at
a position just below the extended wing-chord plane for angles of attack
beyond 12°.

lSu:persedes declassified NACA Research Memorandum ILOH19 by Gerald V.
Foster and Roland F. Griner, 1949.
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Reducing the span of the leading-edge flaps from 0.575 wling span
to 0.425 wing span improved the stabllity contributed by the taill
located 0.16 semispan above the extended wing chord at high angles
of attack but had only small effect at moderate angle of attack.

A reduction in the rate of contractlon of the fuselage afterbody
had a negligible effect on the stabllity contributed by the tail.

INTRODUCTICN

The use of a sweptback wing to alleviate high-—speed dlfficulties
has posed a problem of lnstability near maximum 1ift for wings of
certain combinations of aspect ratio and sweep (reference 1). Low—
speed Investigatlons of sweptback wings have lndicated that longi-—
tudinal stability in the high—11ft range and at stall can be obtailned
in some cases by the use of stall-control devices such as outboard
leading—edge flaps and upper-surface fences. Conslideration has been
glven to the effect of horizontal—tail helght on the longitudinal
stability of sweptback—-wing airplemes in references 2, 3, and k.

Those investigations have shown thaet, with the horizontal tall located
in the immedisate vicinity of the extended wing—chord plane, relatively
gtable variatioms of pltching moment through meximm 1ift were obtained
for all model configuratlions regerdiess of the stability of the wing—
fuselage combination. It is further shown that the tail, located
above the extended wing-chord plane, does not overcome the insgtaebility
of the wingfuselage combination in the high-1ift range; moreover,

the tail, In some cases, actually caused the pitching-moment variation
of the wing-fuselage combinations, which were sgteble through maximum
1ift, to become unstable in the high—1ift range. In a few instances
(references 2 and 5) it has been shown that, when the vertical height
of the horizontal tall was increased from a moderate helght to
approximately 0.5 of the wing semispasn sbove the extended wing-chord
plane, the stabllity of the complete model was improved.

In those cases where a decrease in the stability contributed by
the horizontal tail occurred for tail positions above the extended
wing-chord plane, the decrease has been attributed to the effects of
unfavorable wake—induced downwash resulting from separated flow on
the portion of the wing ahead of the tail. It has also been considered
that the fuselege afterbody shape msy produce an adverse effect on the
effectiveness of the horizontal teil.

In order to furnish additiomal Information on the contribution
of the tall to longitudinal stability, an investigation has been
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conducted In the Iangley 19—foot pressure tunnel at a Reynolds number

of 6.8 x 106 to determine the effect of fuselage afterbody shape,
gplit flaps, and leading—edge—flap span on the stability contributed
by & horizontal tail to a wing swept back 42° at the leadlng edge.
The investigation also included a study of the flow in the vicinity

of the tail.

ol

Results of this investigatlon are presented herein.

SYMBOLS AND COEFFICIENTS

1ift coefficient [LILL
aSy

pitching-moment coefficient (moment taken about the

quarter chord of the mean aerodynsmic chord)
(M—om-m_
ISyCy
angle of attack of chord plane, degrees

dynamic pressure of the free stream, pounds per square

foot <°v2>

area, square feet

b/2
meen aerodynamic chord, feet <—§— / cgdy>

0
local chord, feet
mags density of air, slugs per cubic foot
free—stream veloclty, feet per second

span, feet

dcC
tall stability paremeter —Et— L
da,w K

product of imoleted tall lift—curve slope and tall
volume (0.0158)
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qt/q ratio of local dynamic pressure at horizontal tail to
free—stream dynsmic pressure (unless otherwise noted)
€ local downwash angle (unless otherwise noted), degrees
g local sidewash angle (inflow negative), degrees
dCp
Cy tail-effectlveness parameter | ———
i't di‘t
i angle of ilncldence of horizontal tall measured with respect
to wing-~chord plane, positive when tralling edge moves
down, degrees
PV,
R Reynolde number :
"
M Mach number v
Velocity of sound
u coefficlent of viscosity
2 tall length, distance in wing-chord plane from quarter—
chord point of wing mesn aserodynamic chord to
quarter-chord point of tail mean aerodynamic chord,
feet
b4 perpendicular distance between the extended wing—chord
plane and the tail 0.25C; point
¥ lateral dlstance from plsne of symmstry

Integrated air—flow surveys:

(Q.b/ q)av average q /q, obtained from formula
o [bg/2
55 /g (a/ a) oydby

average €, obtained from formuile

av e,
mfo ’ € (qt/Q) cydby
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Subscripts:

W wing

t horlzontal tail
e effective

t 18 isolated tall

MODEL AND APPARATUS

The model was & midwing alrplane configuration having the
leading edge of the wing end tail swept back 42°. The wing had an
aspect ratio of 4, taper ratio of 0.625, and NACA 64,-112 airfoil

sections normal to the 0.273 chord line. The high—1ift and stall—
b
control devices employed were split flaps of 0.5—3'-’- span and two

spanwise leading-edge flaps, extending inboard 0.5751}2—‘I end O.)+25E-2‘L

b
from o.9752—". The horizontal tail had a plan form similar to the wing

and NACA 0012-64 sections parallel to the plane of symmetry. The
mounting arrangement of the tall allowed the tail to be located at
several vertical positlons as measured from the extended wing-chord
plane. The shape of the fuselage afterbody was modified by the
addition of a cylindrical cone of smaller contractlon ratio than used
in the investigation reported in references 2, 3, and 4. The general
gocometry of the model 1s presented in figure 1.

The six-tube survey rake of the Langley 19-foot pressure tunnel,
described 1n reference 6, was employed to measure local dynamic
pressure, sldewash, and downwash angles.

TESTS

The tests were conducted in the Langley 19-foot pressure tunnel
at a dynamic pressure of approximately T5 pounds per square foot with
the tunnel atmosphere compressed to about 33 pounds per square 1nch,

absolute. For these condltions, the Reynolds number was 6.8 x 106

end the Mach number was O.lh.
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Measurements of 1ift and pltching moment were made through a
range of angle of attack from -14° to approximately 20°. The air—flow
characteristics in the region of the horizontal tail were obtained
(with the tall removed) at angles of attack of 3.6°, 8.5°, 13.6°,
16.8°, and 19.5°. A plane of survey, 1.938, behind the O, 258, was

selected as a suitable plane from consideration of the fore and eft
movemsnt through the angle—of—eattack range of the 0.25Et of the tail

in verious positions. The maximum deviation of the 0.25E£ from the

survey plane occurred at the high angles of attack (see fig. 2) and
amounted to about 4 percent of the tail length forward and 12 percent
of the tall length rearward.

RESULTS AND DISCUSSION

The force and moment data have been corrected for model-support
tare and Interference effects. dJet-boundary corrections have been
applied to the values of angle of attack and pltching-moment
coefficient. A correction for alr-stream misalinement has alsoc been
applied to the values of angle of attack. The ailr-etream survey data
have been corrected for Jet-boundexry effects by an angle change to the
downwasgh and & downwerd displacement of the flow.

The 1ift and pitching-moment date are presented in nondimensional
coefficient form (for only ome of the two tail incidences tested) as
variations with angle of attack. The effective downwash angles were
determined from the tall-on and tall-off pitching-moment data. The
effective values of dynamlc-pressure ratio were based on a value of Cmit

(0.0158) which was determined from the isolated tail lift-curve slope
(reference 2) and the geometry of the model. It should be pointed out
thet this method of determining dynmamic-pressure ratio takes no account
of changes in tall efficiency due to the presence of the fuselage.

The combined effect of € and qt/q on the gtabilizing moment

contributed by the tail can be shown by comsidering the stabllity
paremeter T, which is defined as follows:

T=_<l__a_e_>&+%5_(qi/q_>

aaw qa aaw
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which 1s equivalent to

A,
= <“-°L> oy
S, Gy

tig

-

T

Inasmuch as the values of 1 g were amsll and approximstely

constant for all configuratlons, the variations of T with angle
of attack are consldered independent of stabllizer setting.

When the sign of T 1s negative, it indicates that the tall
is contributing stability.

Effect of PFuselage Afterbody Shape

The effect of the horizontal tall on 1ift and pitching-momsnt
b
characteristics of the wing—fuselage combination with 0.575-—2! —8péan

b
leading—edge flaps, 0.5—21'l—span gplit flaps, and a modified fuselage

afterbody are presented in Pigure 3. Figure L4 shows a comparison of
the variation of effective downwash angle € effective dynamic

pressure ratlo (q—b/q-)e’ and tall stebility paramster T with angle

of attack for two fuselage afterbodles of different contraction ratios.
The results indicate that, with the taill in the highest positionm,
reducing the contraction ratio of the fuselage afterbody had a
negligible effect on T which resulted from negligible effects of
both (q'b/q-) and €_. When the tail was located close to the wing-

chord plane erbended. reducing the afterbody rate of comtraction
increased. (q't/q)e and  de /d.a,w which are opposite effects, as
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indicated in equation (1) and tend to counteract each other as shown
by very little change in .

Effect of Leadling-Edge—Flep Span

Previous data have shown that when leading—edge flaeps are used
to improve the longltudinal stebility of sweptback wings near maximum
1ift, flow separation has been found to occur inltlally on the inboard
sectiong of the wings. In the case of the present wing with

b
0.575—2E—spa.n leading-edge flaps, flow separation occurred in the

region of the inboard end of the leading—edge flaps (reference 7).
Inasmich as the stability contributed by the horizontal tail 1s
dependent on the alr flow in which the taill operates, an attempt was
mede to shift the initial separation on the wing by shortening the

b b
0.5755% —span leading-edge flaps o.15-2E from the inboard end and
consequently altering the flow behind the wing.

The 1ift and pitching-moment data obtained with and without split

flaps are presented in figures 5(a) and 5(b). The variation
of e, (q—t /a )e’ end T with angle of attack are presented in

Pigure 6. The effect of reducing the span of the leading—edge flaps
on the stability cambributed by the tall can be seen by comparing the
stabllity—parameter curves for the conflguration wlth split flaps
(figs. 4 and 6). Tt can be meen that the stabllizing effect of the
tell was not apprecisbly changed throughout the angle-of-attack range

b
except for the tall height of 0.162-5‘!'-. For that tall height in conjunc-

tion with wing configurations with elther the short-span or the long-span
leeding-edge flaps, there is a decrease, through moderate angles of attack,
in the stability contributed by the tail, which is indicated by the posi-
tive Increase in the value of 7. At high angles of attack, the long-

span leading-edge flaps cause the tail to have no stabilizing effect

(T = 0), whereas with the short-span flaps, the tail was highly stabilizing
(T = -0.65). These effects are indicated by the pitching-moment variation
obtained for the complete configurations (figs. 3 and 5(a)).



NACA TN 3848 9

Effect of Split Flaps

b
The effect of the split flaps In conjunction with 0.1#25-?}—spa.n

leading—edge flaps on the tail stability parameter (fig. 6) appears
most proncunced for the taill poslitions close to the wing-chord plane
extended. The split flaps appear to produce a flow, at moderate
angles of attack, that causes a decrease in the stability contributed
by the tail located 0.162bw/2 gbove the extended wing-chord plane,

while at high aengles of attack the initial degree of stebility 1s
regalned. The results without split flaps indlcate that the tail
located 0.162b. /2 above the extended wing—chord plewe contributes

stability through the angle—of-attack rangs with only a gradual
decrease at the moderate and high angles of attack. For the case
where the tall is located —0.06l'bw/2 below the extended wing—chord

plane, the results without split flaps indicate that the tail
contributed a constant emount of stablility through the angle—of-attack
range; the addition of split flaps caused increases in stebillty
contributed by the tall for angles of attack beyond 12°,

Alr-Flow Characterigtice at the Tell
In order to provide further insight as to the stabllizing effect

b
contributed by the tail with the wing equipped with 0.575—2‘1—span

leadingedge flaps and split flaps, results of sir—Lflow survey

in the vicinity of the tall are presented in figure T as

contours of dynamic—pressure ratlio, downwash angle, and sldewash
angle. A cross plot of downwash angle at several tall spanwise
stations with angle of attack is presented in figure 8 for various
tail arrangements. Average values of € and q_b/g_ have been

determined for 0.417 and 0.162b/2 tail helghts where survey date were
complete. Determination of these values was based on the assumption
that the measured values of € and gq/q were the actual local

conditions affecting the tall. It mey be seen in table I that the
average values of e€ and q’b/q- are In falr agreement with the

effective values for the corresponding tall positions.

It mey be seen from contours of dynemlo—pressure ratio that the
low tall is located in or below the wake throughout the angle—of-—
attack range. At an angle of attack of 16.8°, the results indicate &
broadening of the weke and an upward shift of the wake center outboard
of station 0'2°bw/2' These wake changes cause a decrease in downwash
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(reference 8) in the reglon of the low tail so that, at high angles of
attack, the outboard portion of the tall is operating in a region
where the rate of change of downwash with angle of attack, as affected
by the span-load distribution and induced wake effects, is highly
stebilizing. (See fig. 8.)

Upon considering the tall location 0.162bw/2 above the extended

wing-chord plane, it may be seen that the outboard part of the tall
oenters the fleld of high downwash at a moderate angle of attack and
remaing in it through the high angle—of-attack range. Throughout the
angle—of-attack range, the position of the tail relative to the wuke
is such that the induced-wuke effects would increase the downwash

at the taill. Figure 8 indicates that In the moderate angle—of-attack
range the variation of downwash angle with angle of attack is adverse
at both the tip and root reglons of the tall. At hlgh angles of attack,
the unfavorable downwash which occurs In the tip region affects a
greater portion of the span inboard; however, the stabllizing
varlation of downwash angle with angle of attack at the root appears
to behhf)tghly influential on the over—ell effect of the tail. (See
fig. k4.

At high angles of attack, the decrease in stability contributed
by the tail in the high position 1s shown to result from an
undesirable variatlon of downwash with angle of attack on the outer
part of the tail. This adverse downwash 1s the result of the
combined. effects of the spanwise distribution of load and wake—
induced downwash.

It is of interest to nobe that the adverse effect which occurs
with the taill Just above the fuselage might possibly be eliminated by
incorporating negative dihedral in the tail. The varlation of
downwash with angle of attack at several spanwise staetions of a tail
with approximately —20° dihedral and an equivalent proJected span

(fig. 8) indicates highly stabilizing values of gfw— at high angles
of attack. A tall with dihedral 1g affected not only by the downwash
component of the flow but also by the sidewash component. Consider—
atlon of the slidewash indicated that the effect was negligible up to
approximately 14° angle of attack, beyond which the positive sidewash
in the reglon of the tip would cause an Increase 1ln the angle of
attack of the tall. In order to show more clearly the effects of
negative tall dlhedral on the pitch characteristics, the pitching
moments have been calculated from the survey data for the tail
located 0.162bw/2 above the extended wing—chord plane with and without

dihedral. (See fig. 9.) Comparison of the calculated and experimental
curves for the tall without dihedral (figs. 3 and 9) indicates that
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the accuracy of the calculated curves 1ls sufficient to show the
gtabllity trends. The results of calculations indicate that negative
dihedral eliminates the instability at high angles of attack which
was noted for the tall wilithout dihedral.

A comparison of alr—flow—survey results presented herein and in
reference 6 indicates that the major effects of the fuselage occurred
inboard of station O.20bw/2. These effects appeared as an upward

shift of the wake center and an alteration of the downwash pattern.
In general, however, they appear to have only small effects on the
influence of the tall.

It should be pointed out that the tall, at a given position,
contributes esgentially the same variatlon in stebility for the
unflapped-sring configurations as for the flapped—wing configurations;
however, the reason for the decrease in stablllty contributed by the
tall to the unflapped—wing configurations at high angles of attack is
somewhat different than the reason previously dlscussed for the
flapped—wing configurations. The unflspped wing stalls at the tip
and causes an increase in loading on the inbosrd sections of the wing
and a resultant incresse in downwash.

CONCLUDING REMARKS

The results of a study of several factors affecting the
gtabllity contributed by a horizontal tall to a model airplane with
42° sweptback wing equipped with leading— and trailing-edge flaps
are as follows:

1. An analysls of the alr—flow surveys in the vicinity of the
horizontal tail indicates that, at high angles of attack, the
variation of downwash with angle of attack over the outer sections
of the tall span 1s such that the tail contribution to the pitching
moment is stabllizing for the position below the extended wing—chord
plane and destabllizing for the positions above the extended wing—chord
plane. Tne air—flow surveys indicate that 20° negative dilhedral would
eliminate the destebilizing influence of the tall located at 0.162 wing

semispan above the extended wing-chord plene by placing the tail in a
region of favorable downwash throughout the angle-of-ettack range.

2. The addition of split flaps decreased the stabllity contributed
by the tail located Just above the extended wing-—chord plane at moderate
angles of attack bubt increased the stabllity contributed by the tall at
a position just below the extended wing—chord plane for angles of attack
beyond 12°,
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3. Reducing the spen of the 0.575—span leadling-edge flaps
to 0.425 improved the stability combributed by the taill located 0.16
semigpan above the extended wing—chord plane at high angles of attack
but had only small effect at moderate angles of attack.

4, A reduction in the rate of contraction of the fuselage
afterbody had a negligible effect on the stabllity contributed by
the tail.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 22, 1949,
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TABIE I
EFFECTIVE AND AVERAGE VALUES OF DYNAMIO-PRESSURE RATIO AND DOWRWASH ANGLE

A TR MATT AW A IOD CLUTRDITMA M WITNATSAT A AOMRTRATTON
LA AN WE A T OO AN, WAV & URDIOADE WL LA L AT

IEADTNG~ AND TRATLING-EDGE FILAPS DEFLECTED

Tail height a
b
K (o] Q (@] (o]
3.6° 8.5 13.5 16.8 19.5
(qt/q)av 1.00 1.00 1.01 1.00 1.02
(q_t/q)e 1.02 0.98 0.98 1.02 1.02
0.417 €, 3.9° 6.4° 8.7° 10.5° 13.9°
€ 4.g° 6.8° 9.0° 10.9° 14.0°
(q,t/g,av 1.00 1.02 0.97 0.9% 0.89
(94/9) o 0.97 0.92 0.94 0.87 0.80
1
0.162 € 5.8° 8.0° 11.4° 14.7° 15.6°
< 6.1° 8.2° 10.6° 12.9° 16.3°

HT

%’,
=
=
N
£
o
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NACA 00/2-64
airrol/ . sections

NACA 64)~1/2
alrfofl .section

7ail helght, percent
by/2 above wing-
chord plane sxfended

Quarter-chord point

Intersection of 0.273 chord of MAC of rolf

lina with plane of symmefry\

16.80 max. digm.
[ oo e N
[ origimar aﬁ _/ oL
64.05 * Modified afferbogy
170.95. =
185.98
FUSELAGE ORDINATES
Distance Distance Distance
behind %ﬁiﬁ{“; behind gﬁgﬁ;ﬁ behind ﬁ:iﬁzg
fuselage fuselage fuselage
nose dlamster nose diamster nose diametsr
0 0.20 112.00 16.80 132.00 14.90
18.00 9.84 122.00 16.32 170.95 8.00
22,05 11.80 132.00 14.90 17h.11 7.66
27.39 13.80 142.00 12.52 177.23 6.68
34.56 15.60 151.20 9.46 180.28 5.0k
42.35 16.60 162.00 4.78 183.23 2.78
48.00 16.80 170.95 0 185.98 0

Flgure l.-~ Geometry of model wlth leading-edge flaps and split flaps.
Aspect ratio, 4.0l; taper ratio, 0.625. All dimensions are in

inches.
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Tait 0.25¢ oo
location |  @w Tail height, percent by/2
o 3.6° above wing chord _
g g 5: Survey plans __”| Plane extended
s 1B 2.7
v 196 7
,——“""—'_"ﬁ \
g — e —
0.25 e |
— - e ;:‘%% - - -LE [
\ i / —_— —
| — 6.2
Intersection of 0.273 ! /
g#a;t}' ,;%s”;lfh plane Wing-chord plane _
Pl -6/
, 60 I?O 80
896 &70 -—i A

Figure 2.— Variation of 0.25¢; of the tall with respect to the survey plane for the angle—of-attack
range. All dimensions are in inches.
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Figure 3.- Aerodynamic characteristics of a 42° sweptback-wing fuselage
with horizontal teil; 0.575bw/2 leading-edge flaps and O.5by/2 split

flaps; modified afterbody; R = 6.8 x 100; M = 0.1k.
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Plgure 4.— Effect of fuselage afterbody shape on ¢, (q,b/q_)e, and T for several tall heights;
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1.4 '

Le

1.0

Tail hejght i

(percent be/2) (deg) [ |
off

8 41.7 ~8.

<O 182 -3,

A 1 -4,

o

12
: PYANN

- 04 p<}

Y
i
W E

N
g
217

=16

=20
e
-24 (I

-4 0 4 8 12 16 20 24

Zy, deg

- (e) Split flaps on.
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